ELECTRICAL CURRENT INDUCED INHIBITION OF BONE GROWTH 



[0001] This application is based on and claims priority to U.S. Provisional Patent 
Application No. 60/427,565, filed November 20, 2002, herein incorporated by reference 
in its entirety. 

Background of the Invention 
[0002] Many children have abnormalities in bone growth that lead to a variety of 
conditions such as scoliosis or disproportional long bone growth, such as in the legs or 
arms. For children suffering from scoliosis, if the curvature of the spine is severe 
enough, the child will require surgery to correct the curvature of the spine. The surgery 
typically involves the fusion of one or more vertebrae of the spine together to correct the 
curvature. Spinal surgery is complicated, high risk, costly, and requires a long period of 
convalescence. 

[0003] Correcting disproportionate bone growth in an extremity is typically 
accomplished by performing an epiphysiodesis, which disrupts or destroys a selected 
growth plate for the purpose of delaying the longitudinal growth of the involved 
extremity. For example, a child may have a leg length discrepancy of 1 inch, which may 
be treated by performing an epiphysiodesis of a selected growth plate of the longer leg at 
a selected age. The epiphysiodesis of the selected growth plate inhibits residual 
longitudinal growth of the longer leg, and, as the child continues to grow, the continued 
growth of the shorter leg decreases the discrepancy. Timing of the current techniques is 
important since typically this ablation is permanent and its performance must be closely 
linked with the natural termination of growth. 
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[0004] One procedure for performing an epiphysiodesis is the Phemister 
technique. This technique involves making two to three inch incisions placed medially 
and laterally on the extremity in the area of the growth plate. The growth plate is 
surgically explored and destroyed at its peripheral margins. More commonly used is a 
percutaneous method of epiphysiodesis that was developed at the A.L duPont Hospital 
for Children. The percutaneous method involves making a 5mm incision directly over 
the growth plate through which a curette is introduced into the physis and is ablated. 
With these procedures, the patient needs postoperative protection by casting and 
restriction of activities for three to four months. These techniques are typically 
permanent and require careful timing with the natural growth of the child. If the 
procedure is too early, it will result in the creation of a length discrepancy for over 
growth of the untreated bone. 

[0005] There is a need for alternative procedures for correcting abnormal bone 
growth in an individual and in particular, an alternative method for correcting the 
curvature of the spine in individuals suffering from scoliosis. 

Summary of the Invention 

[0006] The invention is directed to electrical current induced inhibition of bone 
growth. The invention is directed to a device and method for reducing or arresting the 
growth of a bone that is an alternative to the above-described procedures. 

[0007] Accordingly, the invention includes a device for reducing the growth of a 
bone where the device may include a power source for generating a current, where the 
current is effective to reduce the growth of a bone, and where at least one electrode is in 
electrical communication with the power source. The electrode is adapted to apply the 
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current to a predetermined location of the bone. The device may include a controller in 
electrical communication with the power source and the electrode where the controller 
distributes a predetermined current to the electrode. The controller may be 
programmable and regulate the amount of the current applied to each of the at least one 
electrode, and the frequency and duration the current is applied to each of the electrodes. 

[0008] The invention may also include a method for reducing the growth of a 
bone, comprising applying bone growth reducing electrical current to at least a portion of 
the growth plate of a bone, where the current is effective to reduce the growth of the bone 
in the applied region. The method may include positioning at least one electrode in or 
near the growth plate of the bone, where the bone growth reducing electrical current is 
applied to the growth plate through the electrodes. The method may also include 
providing a power source and controller in electrical communication with the electrodes, 
where the power source generates the bone growth reducing current and the controller 
regulates the amount of the current applied to each of the electrodes. The method may 
further include monitoring the change in growth of the bone. Still further the method 
may include determining an amount of correction for the bone, and removing the 
electrodes from the growth plate of the bone when the amount of correction has been 
achieved. 

[0009] The invention may also include a method for correcting the curvature of 
the spine, comprising the steps of positioning at least one electrode at a portion of a 
vertebrae near the outside curve of the spine and applying a bone growth reducing current 
to the portion of the vertebrae, where the current is effective to reduce the growth of the 
vertebrae at the outside of the curve without reducing growth of the vertebrae near the 
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inside of the curve. The method may include determining the amount of correction for 
the curvature of the spine, monitoring the change in curvature of the spine, and removing 
the at least one electrodes from the vertebrae when the amount of correction for the 
curvature of the spine has been achieved. Further, the method may include providing a 
power source and controller in electrical communication with the at least two electrodes, 
where the power source generates the bone growth reducing current and the controller 
regulates the amount of the current applied to each of the at least one electrode. Still 
further, the method may include providing at least one second electrode on a portion of 
the vertebrae along the inside of the curve of the spine, and applying a bone growth 
stimulating current to the at least one electrode. 

Brief Description of the Drawings 
[0010] Figure la is a diagram of a device in accordance with an embodiment of 
the invention. 

[001 1] Figure lb is a diagram of a device in accordance with another embodiment 
of the invention. 

[0012] Figure lc is a diagram of an electrode in accordance with an embodiment 
of the invention. 

[0013] Figure Id is a diagram of an electrode in accordance with another 
embodiment of the invention. 

[0014] Figure 2a is a diagram of a device in accordance with an embodiment of 
the invention with the electrode positioned in a bone. 

[0015] Figure 2b is a diagram of the yet another device in accordance with an 
embodiment of the invention with more than one electrode positioned in a bone. 
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[0016] Figure 3 is a diagram of a device in accordance with another embodiment 
of the invention configured for correcting the curvature of the spine. 

[0017] Figure 4 is a diagram of a device in accordance with yet another 
embodiment of the invention for correcting the curvature of the spine. 

[0018] Figure 5 is a series of spinal x-rays taken over a six week period according 
to an embodiment of the invention 

[0019] Figure 6 shows two spinal x-rays from a control group according to an 
embodiment of the invention. 

[0020] Figure 7 is a graph illustrating differences in bone length according to an 
embodiment of the invention. 

[0021] Figure 8 illustrates a distorted structure of an epiphyseal plate and 
intermittent boney bridges indicating growth interruption and arrest according to an 
embodiment of the invention. 

[0022] Figure 9 illustrates the reduced volume of a whole growth plate according 
to an embodiment of the invention. 

Detailed Description of Embodiments of the Invention 
[0023] The invention is directed to a method and device for using electrical 
current to reduce or stop the growth of selected regions of an actively growing bone. 
When a bone is actively growing, growth of the bone occurs at the end of the bone at the 
growth plate, also sometimes referred to as the physis. Stopping the growth of the bone 
across the entire growth plate is generally referred to as epiphysiodesis. Stopping the 
growth of a portion of the bone is generally referred to as hemiepiphysiodesis. The 
method and device of the invention may be used to induce hemiepiphysiodesis at selected 
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regions of an actively growing bone or to induce epiphysiodesis across the entire bone. 
The growth inhibition can be complete, permanent or temporary and when temporary the 
inhibition can be reversed and the bone permitted to grow unabated. 

[0024] The present invention involves the application of an electrical current to 
reduce or arrest bone growth. As will be discussed in more detail below, current may be 
used to reduce or arrest bone growth in the region of the bone where the current was 
applied. The level or amount of current may vary depending on such factors as the type 
of bone, the size and shape of the area of the bone to be treated, and the desired amount 
of reduction in bone growth. For many situations, 50 micro amps (|aA) is effective to 
arrest the growth of at least a portion of the bone. 

[0025] As discussed above, presently available procedures typically result in 
permanent ablation of the growth plate. The invention may reduce or arrest bone growth 
in a temporary or permanent manner by the use of electrical current. The current can be 
delivered to the affected area and effect or inhibit bone growth with the potential of being 
reversible such that when the degree of correction is achieved, the electrical current can 
be removed or terminated and the bone can potentially continue to grow. 

[0026] With reference now to Figure la, there is shown a device for arresting the 
growth of a bone, the device generally designated by the reference numeral 10. The 
device includes a power source 12 for generating a current. The power source 12 may be 
a battery, replaceable or rechargeable, set or controllable including remotely and prior to 
placement or implantation. The power source 12 may also be a plug-in type connection. 
The power source 12 should to be able to generate a current effective to reduce or arrest 
bone growth for the selected application. In some embodiments, the device 10 may 
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include one or more power sources 12 as necessary to apply the desired current for a 
particular application. 

[0027] Emanating from the power source is at least one lead 14. The lead 14 is in 
electrical communication with the power source 12 and delivers current from the power 
source to at least one electrode 16. 

[0028] The present invention may also include a device that has more than one 
lead and electrode. Figure lb illustrates an embodiment of the invention that has more 
than one lead 14 and more than one electrode 16. The power source 12 is similar to that 
described above and the particular options above are relevant here. The power source 12 
provides the current for each electrode 16. The particular configuration of the leads 14 
may be variable as long as the configuration allows for appropriate current to be 
delivered to each electrode 16 from the power source 12. By way of non-limiting 
examples, as shown in Figure lb, the leads 14 may be gathered as part of a single line 18 
between the power source 12 and electrodes 16. Alternatively, there may be a single line 
emanating from the power source and dividing into one or more leads. As discussed 
above, the leads 14 must be capable of transferring current from the power source to the 
electrode 16. According to an embodiment of the invention, the lead 14 may be an 
electrically conductive wire covered by an insulating sheath. The lead and sheath may be 
constructed of a material suitable for use and implantation in humans and other living 
beings. 

[0029] The lead 14 transfers electrical current to the electrode 16. The electrode 
16 transfers or delivers the current to the selected region of the bone. With reference now 
to Figures lc and Id, a variety of configurations of the electrode 16 may be utilized. The 
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electrode 16 may be an exposed end of the lead 14 as shown in Figure lc. Alternatively, 
the electrode 16 may be an electrically conductive end made from electrically conductive 
materials, such as electrically conductive wire, rods, and the like. In other embodiments, 
the electrode 16 may be configured with a threaded end 17. The threaded end may be 
electrically conductive and may be part of the electrode 16 for applying current to the 
bone. As will be discussed below, the threaded end 17 may be used in securing the 
electrode in a position within the bone. In certain embodiments, the electrode 16 is 
preferably long enough to be in contact with or inserted into the growth plate of the bone 
to be treated. 

[0030] The device 10 is designed to deliver sufficient current to reduce or arrest 
the growth of a bone. The combination of the power source 12, the one or more leads 14, 
and the electrodes 16 provides a current to the selected region of the bone sufficient to 
reduce or arrest the growth of the selected region of the bone. The amount of current 
required will vary depending on such factors as the type of bone, the size of the growth 
plate, and the individual. The current must be higher than that required to stimulate the 
growth of the bone. According to an embodiment of the invention, a current of at least 
50 jxA will reduce the growth of at least a portion of a bone. 

[003 1] With reference to Figure lb, a current controller 20 may be used to control 
the current applied to each electrode 16. The controller 20 may deliver the same current 
to each electrode 16a and 16b or vary the current delivered to each electrode using two 
separate leads 14a and 14b tethered together as illustrated in Figure lb. The controller 20 
may also operate to control the amount of time the current is applied at each electrode 16. 
For example, the controller may be programmed to apply 35 |aA to certain electrode 16a 
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for 3 seconds at 5 second intervals and 50 jaA to other electrode 16 for 5 seconds at 2 
second intervals. The controller 20 may be programmed externally or by radio frequency 
communication from a computer. Further, some embodiments of the device 10 may 
include one or more controllers 20. The controller 20 and power source 12 may be part 
of the same unit 22 from which one or more leads 14 emanate. 

[0032] With reference now to Figure 2a, there is shown an embodiment of the 
device 10 having a power source 12, a single lead 14, and electrode 16. The electrode 16 
should be in electrical contact with the region of the bone to be treated. In Figure 2a, the 
electrode 16 has been positioned in the growth plate 32 of the bone 30 to be treated. In 
small areas with relatively small bones, one electrode 16 positioned near the growth plate 
may be sufficient. 

[0033] Turning now to Figure 2b, there is shown a device 10 having a power 
source 12 and two leads 14 and two electrodes 16c and 16d. The electrodes 16c and 16d 
are positioned in the bone 34, near the growth plate 36 such that electrical current is 
applied across the entire growth plate 36. Depending on the size of the bone and growth 
plate, more than two electrodes may be utilized to inhibit the growth of the bone. 

[0034] The electrodes may be located such that the current from the electrode 
affects the growth plate to inhibit growth of bone either permanently or temporarily. This 
location may be next to the growth plate, in close proximity to the growth plate, or 
directly in the growth plat to inhibit growth of the bone. The electrodes 16 may be 
inserted percutaneously or through other surgical procedures. 

[0035] The power source 12 and the controller 20 may be implanted within the 
patient or may be keep external. Keeping the power source 12 and controller 20 external 
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allows for easy replacement of the power source and reprogramming of the controller. If 
the power source 12 and controller 20 are implanted in the patient, the controller may be 
preprogrammed prior to implantation. Further, the controller 20 may be programmable 
by wireless or other suitable communication from an external source, e.g., a computer. 

[0036] The invention may be implanted in a patient by general surgical methods. 
The electrodes may be implanted in the patient percutaneously. Typically, a small hole is 
prepared in the bone for the electrode to be inserted. The hole is small enough such that 
the electrode may be secured in the hole by pressure fit between the electrode and the 
walls of the hole in the bone. Alternatively, the electrode may be secured in place using a 
biological adhesive or fibrin adhesive. As discussed above, if the electrodes have 
threaded ends, the electrodes may be secured in the holes by rotating the electrodes in the 
hole such that the threads of the electrode catch on the inside walls of the hole. The 
battery and optional controller may be implanted subcutaneously or left externally, each 
with appropriate grounding. 

[0037] A method for inhibiting the growth of a bone includes placing one or more 
electrodes 16 within or in close proximity to the growth plate of the bone in which 
growth is to be reduced or arrested. A current is applied to the growth plate through the 
implanted electrodes. The current should be high enough to inhibit, reduce, or stop bone 
growth of treated bone. If the current is not high enough or the electrode is not 
positioned to apply current across the entire growth plate, growth of the bone will be 
reduced in the region where the current is applied, but the remainder of the bone will 
continue to grow resulting in uneven growth across the region of the bone. This may be 
desirable in the case of effecting disproportional growth such as that resulting in curves in 
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bone, such as in the vertebral bodies of the spine. In other conditions and more typically, 
in limb length discrepancies, growth arrest or inhibition is required across the bone and 
balance inhibition of growth across the bone is necessary. 

[0038] Depending on the size of the bone or growth plate, one or more electrodes 
16 may be used to ensure current across the desired region to inhibit growth of the bone. 
The invention may be used with virtually any bone or bone containing extremity that is 
growing in an individual including, but not limited to, ribs, the jaw, bones of the arm, 
bones of the leg, bones of the foot, bones of the hand, and vertebrae in the spine. The 
current may be applied continuously or intermittently for a period of time until the 
desired growth stoppage has been achieved. This can be assessed by non-invasive 
imaging techniques including, but not limited to, X-ray imaging, magnetic resonance 
imaging (MRI), and computed tomography (CT) scans. For example, in an application to 
treat uneven growth for extremities such as the arms or legs, the electrodes are implanted 
in the longer extremity. The electrodes are positioned such that current is applied across 
the entire growth plate. Current effective to inhibit bone growth is applied across the 
growth plate. The amount of time the current is applied may vary widely depending on 
such factors as the size of the patient and the difference in length of the extremities. 
Once the treatment has been concluded, the electrodes 16 and the device 10 are removed 
from the patient. Portions such as the electrodes could be left inside without detriment to 
the patient, as is much orthopedic hardware. 

[0039] The invention includes a device and method for correcting the curvature of 
a spine. The method involves reducing the growth of a portion of one or more vertebrae 
located in the curving region of the spin. Specifically, the portion of the vertebrae 
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located near the outside of the curving region is targeted for reducing or arresting growth 
of that portion of the vertebrae. The portion of the vertebrae on the inside of the curve is 
thus allowed to grow. As the portion of the vertebrae on the inside of the curving region 
of the spine grows, while the portion of the vertebrae on the outside of the curving region 
slows or stops, the curvature of the spine is reduced. 

[0040] With reference now to Figure 3, there is shown the device 10 discussed 
above configured for treating the curvature of the spine 40. In Figure 3, the device 10 
includes ten leads 14 and ten electrodes 16. The number of leads and electrodes can be 
and is not particularly limited. The electrodes 16 are located at one or more vertebrae 42 
in the curving region of the spine 40. The electrodes 16 are positioned near the outside of 
the curve of the spine. Preferably, the electrodes 16 are positioned starting at the 
vertebrae at the center or apex of the curve and are placed on adjacent vertebrae 
extending in both directions from the center or apex of the curve. The electrodes 16 are 
positioned such that the growth of the portion of the vertebrae 42 near the outside of the 
curve is slowed or arrested, without stopping the growth of the same vertebrae on the 
inside of the curve. Preferably, a small hole is made in the vertebrae 42 for receiving the 
electrodes 16. The electrodes 16 can remain permanently in place without complication 
much like the rods and implants in conventional surgical approaches, or the electrodes 
can be removed once the desired correction is achieved. The procedure requires 
operative placement of the electrodes from the multiple leads as required to each 
involved growth plate by thoracoscopy, thoracotomy, laparotomy, laparoscopy, or by 
radiographic or CT image guidance. 
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[0041] Current generated from the power source 12 is applied to the vertebrae in 
the selected region. The current should be high enough to stop or reduce growth in the 
selected region without stopping growth across the entire vertebrae. The current applied 
to each electrode 16 may vary. For example, the electrode at the apex of the curve may 
receive more current for longer durations than the electrodes on adjacent vertebrae. The 
vertebrae on each side of the apex may require less correction and may receive less 
current or less treatment time to achieve a corrective result. The controller 20 may be 
programmed to contain algorithms for applying the desired amount of current and the 
duration of the current to each electrode 16 for each vertebrae and may require one or 
more power supplies, i.e., batteries. The control of the power can be programmed in the 
controller 20 or be set to be remote controlled according to the outcome monitored by 
radiographs and MRI. 

[0042] In another embodiment, a set of electrodes for stimulating the growth of 
the vertebrae may be located on the inside of the curvature of the spine as shown in 
Figure 4. Figure 4 shows the installation of a separate device 110 containing a power 
source 1 12 and controller 120 connected to one or more leads 1 14 and electrodes 116. In 
this embodiment, the electrodes 1 16 are located at the vertebrae near the inside region of 
the curve. The electrodes apply a low current to stimulate growth of the vertebrae in this 
region. The current may be under 20 |iA and may range from 10 to 20 |iA. The 
electrodes 16 may be controlled by a separate power source 112 and controller 120 or 
may alternatively be controlled by a single device using controller 20 and power source 
12. 
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[0043] The device 10 and 1 10 may be implemented by one of several procedures 
depending on where the electrodes are to be placed. The procedure requires operative 
placement of the electrodes from the multiple leads as required to each involved growth 
plate by thoracoscopy, thoracotomy, laparotomy, laparoscopy, or by radiographic or CT 
image guidance. For treating curvature of the spine, the leads 14, the power supply 12, 
and the controller 20 may optionally be contained in a chest tube or drainage tube. 
Alternatively, the power supply 12 and controller 20 maybe located outside the patient 
for easy access as discussed above. 

[0044] Certain aspects of the invention will be further described in the following 
non-limiting examples. 

Example 1 - Spinal Curvature 
[0045] According to an embodiment of the invention, performing a 
hemiepiphysiodesis in the spine may correct or lessen scoliosis or curves of the spine. If 
a curve can be created in the spine using current applied to the growth plate in the lateral 
or left aspect of multiple vertebral bodies, then the electrical current could be applied to 
the apex of an existing curve and correct the curve or permit bone growth in the opposite 
direction. Figures 5 and 6 illustrate the result of an experiment using an Institutional 
Animal Use and Care Committee-approved protocol with an immature rabbit. The 
growth of the spine was tested to determine if it could be altered in a unilateral manner by 
placing electrodes unilaterally in the region of four epiphyseal plates of three vertebral 
bodies. Figure 5 illustrates the progress of the spinal curve created over the 6 weeks 
studied. The evidence from the x-rays strongly suggests that the growth of the spine is 
being affected by the unilateral current. After the 50 ^A in four vertebral growth plates 
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for 6 weeks it is obvious that the spine is curving away form the side where the current is 
delivered. In the control group the spine remains straight during this time frame (Figure 
6). The x-rays are digitized and the height of the vertebral bodies was measured. The 
percent change in the size of the right to left vertebra was found in the normal untreated 
spine to be between 0.992% - 1 .015% while the vertebral size measured in the treated 
spine ranged from 2.5% to 9.5%. 

Example 2 - Long Bone 

[0046] According to an embodiment of the invention a fine-thread electrode 
was inserted into a left distal femur and a power source was implanted subcutaneously 
in three groups. The three groups of subjects comprised those receiving, no current, 
those receiving a constant current of 10 (low-current, LC), and those receiving a 
constant current of 50 jaA (high current, HC) and used modified Osteogen™ devices. 
At two weeks, the difference of femur lengths was measured with a digital caliper. 
Histologic changes were studied using hematoxylin-eosin and Safranin-0 staining, 
including narrowing of the growth plate or its possible closure, bony bridges, and the 
cellular arrangement of various zones in the growth plate. The computerized 
histomorphometric analysis of the growth plate was performed and comparisons were 
be made in three groups and both the femur receiving current ("operated") and the 
femur not receiving current ("non-operated") limbs. 

[0047] The difference in femur length was consistently larger in the HC group 
than those in other groups when comparing operated to control side. The growth of 
the operated limb in the HC group was inhibited by -200% in comparison to control 
or LC groups as illustrated in the graph of Figure 7. The most significant histologic 
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finding was the appearance of putative bony bridges and some distorted internal 
structure of the growth plate in the HC group as illustrated in Figure 8. The HC group 
also showed disorganized columnar arrangement and decreased lengths in the 
proliferative zones. Bony bridges or the same degree of disorganization could not be 
detected in the LC, or NC group. In the histomorphometric study, the volumes of 
whole growth plate, resting zone, and combined proliferative and hypertrophic zones 
in lateral or left (operated) side of the HC group were consistently smaller, by ~ 20% 
when compared to those of other groups as illustrated in Figure 9. 
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